INTRODUCTION {#s1}
============

Sit-to-stand (STS) is considered a basic movement of our daily lives as many activities are performed in the standing position. In addition, STS from both sitting and lying positions is often essential for moving from one place to another[@r1], [@r2]^)^. Generally, people perform STS approximately 45--65 times a day. STS formation relies heavily on muscle strength, particularly of the leg muscles, and balance[@r3],[@r4],[@r5]^)^. Previous studies have found that the momentum used for STS can be up to 4.7 times the person's body weight. Consequently, performing STS is one of the more challenging activities for any elderly person who is in poor health or has issues with balance[@r5]^)^. Deterioration in STS ability in older people is associated with higher risk of disability[@r6]^)^, falling[@r7]^)^, hospitalization[@r8]^)^, and nursing home admission[@r9]^)^.

Enhancing STS, then, becomes a primary objective for revival programs that aid patients who are elderly and have mobility issues by helping them stand safely and more easily[@r10]^)^. STS revival or enhancement programs were developed to help people build the muscle strength required to perform STS effectively. The programs are generally comprised of exercises that use resistance to build muscle strength[@r11], [@r12]^)^ and task-specific training[@r10], [@r13]^)^. In task-specific training, the repetition of STS helps strengthen the leg muscles, which leads to better STS performance results. However, performing exercises that require body movement may pose a limiting challenge to patients who are physically weak, unbalanced, or have impaired movement. Hence, what needs to be developed is a way to stimulate the central nervous system (CNS) to improve motor planning. The covert activity termed motor imagery (MI) involves planning and mentally simulating movements without physically executing them[@r14]^)^. Although MI does not involve overt motion, the processes that occur during MI are similar in several ways to those that occur during physical movement[@r11], [@r15]^)^. Both show the speed-accuracy tradeoff described in Fitts' Law, and appear to use similar patterning of movement[@r16]^)^. Likewise, neurophysiological evidence supports a unitary mechanism for action representation and execution[@r17], [@r18]^)^, and brain imaging suggests common loci of cortical activation between motor imagery and execution[@r19],[@r20],[@r21]^)^. In view of these similarities, MI has been considered a form of movement simulation[@r14]^)^.

As MI appears to activate the motor planning and execution pathways, there has been significant interest in investigating what role it could play in movement rehabilitation. Several studies have shown that MI can build muscle strength[@r22], [@r23]^)^, arm movement speed[@r24]^)^, hip joint movement[@r25]^)^, and balance-control ability[@r26], [@r27]^)^. However, to our knowledge, only a few studies have investigated the potential of MI in the context of STS[@r28]^)^. According to previous literature reviews, research on the impact of MI on higher-level control for complex body movements, especially STS, is still rare due to the fact that most research focuses on mental chronometry which is characteristic of higher-level control. Previous results showed there was no difference in the duration of actual body movement and MI.

According to Skoura et al.[@r28]^)^'s study on MI, results for mental chronometry between actual and imagined stand-sit-stand movements revealed that imagined stand-sit-stand displays a faster outcome and takes less time than physical stand-sit-stand. Regarding the comparison between the time needed for the acts of standing up and sitting down, it was shown that physical standing up takes less time than sitting down. However, during imagined STS, no difference was found between the time taken to stand up and the time taken to sit down. Consequently, movement duration was underestimated while imagining the whole movement. Moreover, this finding suggested that normal aging does not affect the ability to internally simulate motor actions. Another study on MI[@r29]^)^, compared physical and imagined standing up in healthy young and older participants, and found that the time for physical STS was similar to that of imagined STS[@r29]^)^. This study also demonstrated that the ability to generate MI did not differ between young and older participants. However, further studies are needed to clarify the ability of MI to be a way of accessing the higher-level of control of STS movements.

From these results, it should be noted that the time needed to physically move certain body parts, such as arms, or even the whole body as in walking or STS, is similar to the time needed to imagine such movements. However, there is still no detailed understanding of the ways in which physical movement and MI are similar or different across the age range, and for any type of movement, especially complex movement. Task-level action planning and effector-level movement control are often considered modular elements of goal-directed action[@r30], [@r31]^)^, and it has been suggested that the connection between these processes deteriorates with age. What's more, previous research has mostly emphasized measurement outcome at the behavioral level only (e.g. movement time), which gives little information about the neural processes involved in the higher-level control of body movement. One way to non-invasively investigate differences in the higher-level control system at work during MI is to track neurophysiological measures such as Electroencephalography (EEG) characteristics. There is currently a lack of research on EEG patterns during MI of full-body movements such as STS.

The present study monitored EEG characteristic during physical and imagined sit-to-stand. The EEG is a test that records the electrical signals of the brain using small, metal discs (electrodes) attached to scalp. The EEG is typically described in terms of rhythmic activity. The rhythmic activity is major divided into 4 bands by frequency, including beta (\>14 Hz), alpha (8--14 Hz), theta (4--7 Hz) and delta (\<4 Hz). As MI appears to activate the motor planning, this research expected that rhythmic activity in different brain areas may be similar during physical and imagined STS. Therefore, the objective of this study was to investigate brain activity during physical and imagined sit-to-stand. Also, the study clarified the ability of MI to be a way of accessing the higher-level of control of STS movements in age-related difference.

PARTICIPANTS AND METHODS {#s2}
========================

This research study used an experimental design. This study was designed to monitor self-reported movement time and EEG during physical and imagined STS. Twenty healthy young adults (20--29 yrs) and 19 healthy older adults (60--69 yrs)[@r32]^)^ took part in the study, receiving payment for their participation. Participants were recruited from the local university's student and staff population as well as from people living around the university. All participants were screened to ensure they had an unimpaired ability to be able to stand up from a sitting position multiple times per session. The screening also ensured they had no significant medical history, no current problems affecting balance or everyday motor function, and no mental disorders. Participants with a Mini-Mental State Examination (MMSE) score below 22 or a Movement Imagery Questionnaire-Revised (MIQ-R) score below 20 were excluded.

Potential participants were given advanced information regarding general task requirements and the opportunity to seek clarification before choosing to participate. All participants provided written informed consent before taking part in the study. The study received ethical approval from the Ethics Committee (HSSREC) of Naresuan University and Buddhachinaraj Phitsanulok Hospital.

The experiment was conducted in a quiet room within a diagnostic suite at Buddhachinaraj Phitsanulok Hospital. Participants were instructed to come dressed in comfortable clothing. They were asked to take their seat on a vertically adjustable chair set to the height of their lower legs. Participants' feet rested on the floor with their heels approximately 10 cm apart. Participants' ankles were positioned with \~10° of dorsiflexion and knees with \~100--105° of flexion[@r33]^)^ using a handheld goniometer. The position of the feet on the floor was then marked with tape. Participants' thighs were positioned with the edge of the chair at two-thirds of their thigh length. This position was marked by putting tape on their thighs and on the seat behind their buttocks. Participants were asked to keep their arms by their sides. Before each trial, the position of the torso, legs, and feet were checked and corrected as necessary. Next, electrodes were attached to participants' scalp to monitor EEG at the frontal, parietal, temporal and occipital lobes before and during physical and imagined STS. EEG (Nihon Kohden EEG 4418A) recording was performed using 21 active electrodes and two reference electrodes (mastoids). Impedance for all electrodes was kept below 100 MΩ. Signal was sampled at 1,000 Hz with 16 bit ADC resolution and filtered in 0.08--300 Hz. Participants had to finish their meals per usual to prevent hypoglycemia during the EEG test. Furthermore, participants were not allowed to consume any kind of caffeine, including coffee, tea, soft drinks or chocolate, at least 8--12 hours before the EEG test. The higher-level control system is stimulated by caffeine, thus the consumption of caffeine would directly impact EEG results.

Each participant first performed the physical STS movement (three recorded trials), followed by the imagined STS movement (three recorded trials), with 5 minutes of rest in between or however long was needed before they had no sign of fatigue. Each set of three recorded trials was preceded by two practice trials. EEG was recorded throughout the period of performing physical and imagined STS. In conditions involving imagined movement, participants were asked to provide a vividness judgment after the practice trials and then again after the experimental trials to record their subjective impression of the strength of their imagined STS. To do so, participants indicated on a five-point scale how vividly they felt they had been able to imagine the movement (1=perfectly clear and as vivid as the feel of actual movement, 2=clear and reasonably vivid, 3=somewhat clear and vivid, 4=vague and dim and 5=no image at all).

At the beginning of each trial, participants were instructed to sit comfortably with their backs straight and hold a stop timer in their right hand (to provide self-report of movement completion), and then follow trial-specific instructions. In each trial, the participant awaited a pre-recorded, auditory, "Ready ... Go!" signal played by the movement-time software, and then performed a physical or imagined STS movement with their natural speed. In condition MI, participants were asked to relax prior to imagine the movement and then asked to focus on their own body-internal aspects of motor coordination (kinesthetic imagery with first-person perspective). Then, they were asked to press the left button of the handheld stop timer when they felt they had completed the STS movement and were "standing comfortably and steadily" (or imagining doing so). They were also asked to stay standing steadily until they heard the experimenter say, "Done." Participants were then asked to sit down, relax, and prepare for the next trial.

Self-reported movement time (self-reported MT) in physical and imagined was presented as mean and standard error of mean. Self-reported MT was analyzed using Wilcoxon Signed Rank Test when compared within group, and using Mann-Whitney Test when compared between groups. The significance value was set to p\<0.05.

For EEG pattern analysis, EEG features were extracted from the band corresponding to beta, alpha, theta and delta waves. These features represent the frequency distribution and the amount of changes in the frequency distribution. EEGs were presented as the number of participants and percentage. EEGs were analyzed using the Fisher's Exact Test. The significance value was set to p\<0.05.

RESULTS {#s3}
=======

The 20 healthy, young adults (20--29 yrs, *M*~age~ 24.05 ± 3.05 yrs) and 19 healthy, older adults (60--69 yrs, *M*~age~ 65.00 ± 2.36 yrs) used in this study had no impaired ability to stand up from a sitting position and had no significant medical history nor current problems affecting balance or everyday motor function. Participants had MMSE scores over 22, MIQ-R scores over 20 and vividness around 1--2 ([Table 1](#tbl_001){ref-type="table"}Table 1.Participant demographicsParticipant demographicsYoung adults\
Mean ± SDOlder adults\
Mean ± SDAge (yrs)24.05 ± 3.0565.00 ± 2.36MMSE score28.65 ± 1.4626.05 ± 2.65MIQ-R score: Kinesthetic imagery (KI)23.2 ± 2.7626.26 ± 1.24MIQ-R score: Visual imagery (VI)24.3 ± 2.8726.16 ± 1.30Vividness1.2 ± 0.411.16 ± 0.37).

There was no significant difference in self-reported MT between physical and imagined STS in both young and older adults (p\>0.05). Self-reported MT during physical STS in young participants was shorter than in older participants (p\<0.05), whereas there was no aging effect on self-reported MT during MI (p\>0.05) ([Table 2](#tbl_002){ref-type="table"}Table 2.Self-reported movement time (sec)Young adults\
Mean ± SEMOlder adults\
Mean ± SEMpPhysical STS1.586 ± 0.0952.166 ± 0.1470.001^\*^Imagined STS2.123 ± 0.3412.279 ± 0.3820.967p0.1980.469\*Significant difference when comparing self-reported MT during physical and imagined STS between young and older adults.).

There was no significant difference in EEG features between physical STS and imagined STS for the frontal and temporal lobes (p\>0.05) in both young and older adults ([Tables 3](#tbl_003){ref-type="table"}Table 3.Electroencephalography (EEG) features during physical and imagined sit-to-stand (STS) in young adultsBrain areaPhysical STS\
number of participants (%)Imagined STS\
number of participants (%)pFrontal lobe14--17 Hz20 (100)20 (100)10.6--13 Hz0 (0)0 (0)-8--10.5 Hz0 (0)0 (0)Temporal lobe14--17 Hz20 (100)20 (100)10.6--13 Hz0 (0)0 (0)-8--10.5 Hz0 (0)0 (0)Parietal lobe14--17 Hz20 (100)1 (5)10.6--13 Hz0 (0)19 (95)\<0.001^\*^8--10.5 Hz0 (0)0 (0)Occipital lobe14--17 Hz20 (100)1 (5)10.6--13 Hz0 (0)0 (0)\<0.001^\*^8--10.5 Hz0 (0)19 (95)\*Significant difference when comparing EEG features between physical and imagined STS., [4](#tbl_004){ref-type="table"}Table 4.Electroencephalography (EEG) features during physical and imagined sit-to-stand (STS) in older adultsBrain areaPhysical STS\
number of participants (%)Imagined STS\
number of participants (%)pFrontal lobe14--17 Hz17 (89.5)16 (84.2)10.6--13 Hz2 (10.5)3 (15.8)1.0008--10.5 Hz0 (0)0 (0)Temporal lobe14--17 Hz16 (84.2)13 (68.4)10.6--13 Hz3 (15.8)2 (10.5)0.1468--10.5 Hz0 (0)4 (21.1)Parietal lobe14--17 Hz16 (84.2)10 (52.6)10.6--13 Hz3 (15.8)5 (26.3)0.0818--10.5 Hz0 (0)4 (21.1)Occipital lobe14--17 Hz16 (84.2)10 (52.6)10.6--13 Hz3 (15.8)5 (26.3)0.0818--10.5 Hz0 (0)4 (21.1)). EEG features in young and older participants did only differ for the temporal lobe (p\<0.05) during MI, but not significantly different for frontal lobe (p\>0.05) during physical and imagined STS ([Table 5](#tbl_005){ref-type="table"}Table 5.Comparison of electroencephalography (EEG) features during physical and imagined sit-to-stand (STS) in young and older adultsBrain areaPhysical STS\
number of participants (%)pImagined STS\
number of participants (%)pYoungOlderYoungOlderFrontal lobe14--17 Hz20 (100)17 (89.5)0.23120 (100)16 (84.2)0.10610.6--13 Hz0 (0)2 (10.5)0 (0)3 (15.8)8--10.5 Hz0 (0)0 (0)0 (0)0 (0)Temporal lobe14--17 Hz20 (100)16 (84.2)0.10620 (100)13 (68.4)0.008\*10.6--13 Hz0 (0)3 (15.8)0 (0)2 (10.5)8--10.5 Hz0 (0)0 (0)0 (0)4 (21.1)Parietal lobe14--17 Hz20 (100)16 (84.2)0.1061 (5)10 (52.6)\<0.00\*10.6--13 Hz0 (0)3 (15.8)19 (95)5 (26.3)8--10.5 Hz0 (0)0 (0)0 (0)4 (21.1)Occipital lobe14--17 Hz20 (100)16 (84.2)0.1061 (5)10 (52.6)\<0.00\*10.6--13 Hz0 (0)3 (15.8)0 (0)5 (26.3)8--10.5 Hz0 (0)0 (0)19 (95)4 (21.1)\*Significant difference when comparing EEG features between young adults and older adults.). For the temporal lobe, the EEG during imagined STS in older adults displayed all of three brain waves, including the beta wave (68.4%), a high frequency of the alpha wave at 10.6--13 Hz (10.5) and a low frequency of the alpha wave at 8--10.5 Hz (21.1).

There were significantly different features of the EEG between physical STS and imagined STS for the parietal lobe (p\<0.05) in young adults. The EEG during physical STS showed the beta wave at 14--17 Hz, whereas the EEG during imagined STS displayed a high frequency of the alpha wave at 10.6--13 Hz ([Tables 3](#tbl_003){ref-type="table"},[4](#tbl_004){ref-type="table"}) in young adults. On the other hand, almost older adults the EEG during physical STS showed the beta wave at 14--17 Hz, whereas the EEG during imagined STS displayed all of three brain waves, including the beta wave (52.60%), a high frequency of the alpha wave at 10.6--13 Hz (26.3) and a low frequency of the alpha wave at 8--10.5 Hz (21.1) ([Tables 3](#tbl_003){ref-type="table"},[4](#tbl_004){ref-type="table"}). EEG features in young and older participants did only differ during MI (p\<0.05) ([Table 5](#tbl_005){ref-type="table"}).

There were also significantly different features of EEG between physical STS and imagined STS for the occipital lobe (p\<0.05) in young adults. The EEG during physical STS showed the beta wave at 14--17 Hz, whereas the EEG during imagined STS displayed a low frequency of the alpha wave at 8--10.5 Hz ([Tables 3](#tbl_003){ref-type="table"},[4](#tbl_004){ref-type="table"}) in young adults. On the other hand, almost older adults the EEG during physical STS showed the beta wave at 14--17 Hz, whereas the EEG during imagined STS displayed all of three brain waves, including the beta wave (52.60%), the high frequency of the alpha wave at 10.6--13 Hz (26.3) and the low frequency of the alpha wave at 8--10.5 Hz (21.1) ([Tables 3](#tbl_003){ref-type="table"},[4](#tbl_004){ref-type="table"}). EEG features in young and older participants did only differ during MI (p\<0.05) ([Table 5](#tbl_005){ref-type="table"}).

DISCUSSION {#s4}
==========

This research aimed to investigate the comparison between the self-reported MT and the EEG feature of physical and imagined STS. The 39 participants were between 20--29 years of age (n=20) and 60--69 years of age (n=19), with normal levels of brain function and imagery ability. The vividness of participants was clear and reasonable.

Unsurprisingly, older participants' self-reported MT during physical STS was longer than young participants. Age-related differences appear to be important during transitional movements because it is widely accepted that aging and a decline in numerous physical performance measures are linked. Some investigators have claimed that strategies of the STS task were slightly different between healthy young and older adults[@r34], [@r35]^)^. Much STS research have been carried out on deconditioned older people, because older people often have functional limitations, leading to difficulty in achieving extension of the hips, the legs and the trunk, and they move more slowly[@r36]^)^.

Self-reported movement times did not differ between physical and imagined STS movements in young and older adults. Moreover, the ability to generate MI did not differ between young and older participants. The findings go along with Srisupornkornkool's, who compared actual STS and imagined STS with participants in good health. Here, it was found that the period of time for physical STS was similar to that of STS imagery and there was no aging effect on self-reported MT during MI[@r29]^)^. It is generally known that an action has an overt stage and a covert stage. Every overtly executed action implies the existence of a covert stage while a covert action need not have an overt stage. The covert stage is a representation of the action that consists of the purpose of the action, the information needed to practice it, and the possible outcomes. This stage includes not only self-intending action that will become eventually executed action, but also imagined action and recognizing tools[@r37]^)^. The process of imagining body movements is so similar to the act of performing them that imagined actions are thought to be simulations of their physical counterparts[@r14], [@r38]^)^. Evidence for this comes from behavioural studies showing that imagined actions adhere to the same temporal regularities that are observed in corresponding physical actions, such as temporal scaling of movement duration to distance[@r11], [@r15]^)^, the speed-accuracy tradeoff expressed in Fitts' law[@r39], [@r40]^)^, adherence to biomechanical constraints[@r41], [@r42]^)^, and the same pattern of simulated effort[@r16]^)^.

Likewise, neurophysiological evidence supports a unitary mechanism for action representation and execution[@r17], [@r18]^)^, and brain imaging also points to common loci of cortical activation between motor imagery and execution[@r19],[@r20],[@r21], [@r43],[@r44],[@r45],[@r46],[@r47],[@r48]^)^ and similar the excitability of the corticomotor pathway, in term of temporal and spatial characteristics between motor imagery and actual movements[@r49]^)^. However, according to previous literature reviews, research on the impact of MI on higher-level control for STS movement is still rare.

The results showed that the EEG feature during physical and imagined STS for the frontal and temporal lobes displayed 14--17 Hz of the beta wave in both young and older participants. The EEG feature in young participants for the parietal and occipital lobes during imagined STS differed from during physical standing. In other words, the high frequency of the alpha wave was found at 10.6--13 Hz and the low frequency of the alpha wave was found at 8--10.5 Hz, respectively. In contrast, the EEG feature for the parietal and occipital lobes during imagined STS in older participants displayed all of three brain waves, especially the beta wave.

The presence of the alpha wave can imply the brain is less stimulated, which leads to relaxation[@r50]^)^. In this study, the alpha wave was found in the parietal and occipital lobes during imagery, especially in young people. So, it can be said that the brain had less tasks to perform during imagery, which brought about relaxation, especially considering the occipital lobe displayed the lower frequency rate than the parietal lobe. This evidence supports the study of Guillot and Collet[@r51]^)^ who claimed that the stimulation from first person and visual MI is different from that of first person and kinesthetic MI. Whereas kinesthetic imagery necessarily focuses attention on body-internal aspects of motor coordination, visual imagery can focus on body-external, goal-related aspects of the movement. The explanation in previous findings was that both the occipital lobe and the superior parietal lobe will be stimulated if the movement is visualized through imagery. On the other hand, if there is an feeling of movement (kinesthetic imagery), the inferior parietal lobe and the motor-related area, consisting of the premotor and motor areas, will be stimulated. In this study, participants were asked to perform imagined STS by using kinesthetic imagery. Therefore, the parietal and occipital lobes during imagery were less activated in young people.

Interestingly, in older people the beta wave was found more than alpha wave for the parietal and occipital lobes during imagined STS. This result revealed that the parietal and occipital lobes would be stimulated during imagery. Probably, older people are known to accrue deficits in motor planning[@r52]^)^ that increase reliance on visual information to guide movements[@r53]^)^ as proprioceptive control deteriorates with decreasing muscular strength[@r54]^)^. Moreover, there is conflicting evidence for the EEG activity during motor imagery depending on the nature of the task. The beta wave has been shown to reflect the active engagement in encoding and memory retention and highest during focused task-related activation, particularly a newly-learned task[@r55], [@r56]^)^. This suggests that young and older participants may respond differently. However, to clarify the impact of aging effects on memory ability, the further study should to screen for working memory (i.e., stroop test or visual recognition memory picture) as inclusion criteria.

The participants in the present study were asked to imagine the feeling of the STS movement, and the result was consistent with previous research in this regard. The results from this study revealed that the temporal and frontal lobes would be stimulated during imagery, similar to the brain functions during actual STS. This is due to the fact that the temporal lobe is part of higher-level sensory processing, which is responsible for stimulus identification and response selection[@r57], [@r58]^)^. Even though no external stimulus was shown in the sensory area of the parietal lobe during imagery, during this state, stimuli from working memory was used[@r51], [@r59],[@r60],[@r61],[@r62]^)^, which takes place in higher-level sensory processing. Both the temporal and parietal lobes would, then, be stimulated. Although there was a high frequency of the alpha wave found in the parietal lobe, implying that there was less stimulus in this area. However, higher frequency of alpha is reflected during states of arousal, attention and readiness to perform cognitive tasks including working memory. These processes play important role for motor imagery because motor imagery is the ability to imagined performance of movement within a complex cognitive organization that requires memory and spatial attention without an overt movement[@r63]^)^.

In addition, the results revealed that the frontal lobe was stimulated during imagined STS. This can be attributed to the fact that the frontal lobe is essential for executive movement, processing both stimulus identification and response selection via the prefrontal cortex and association areas, as well as response programming via the supplementary motor cortex[@r57]^)^. The response programming directly related to executive movement is mainly the motor program. This program draws the muscles together with the proper force and time needed to respond[@r58]^)^.

The current results on brain function during imagined STS supports previous research[@r18], [@r21], [@r40], [@r45], [@r46], [@r62], [@r64]^)^, which claims that the brain function process during movement imagery is quite similar to that during the actual movement. Interestingly, this finding found that the ability to generate MI, in term of the period of time, did not differ between young and older people, but the brain activity was dissimilar related to aging. The further study should clarify the impact of motor imagery modalities (e.g. kinesthetic and visual imagery) on the planning and execution of STS movements with respect to age-related differences. Furthermore, the present finding cannot be seen in movement imagery due to the fact that nerve impulses are restrained to the muscle[@r65]^)^. Thus, further research should also focus on investigating muscle functions during imagined STS in order to see the nerve impulses for particular muscles. This would shed light for further development of STS-enhancement programs.

In the present research, self-reported MT and the EEG features for the frontal, temporal, parietal and occipital lobes in young and older adults were explored under physical and imagined STS movements. The main finding demonstrated that self-reported MT was similar between STS and imagined STS, and the ability to generate MI did not differ between young and older people. Secondly, the brain activity for the frontal and temporal lobes were similar between STS and imagined STS in young and older adults, while the brain activity for the parietal and occipital lobes were different between STS and imagined STS in young adults. Finally, there was age-related difference in the brain area activated during imagined STS. Young adults' imagined movement engaged the frontal and temporal lobes, while older adults' imagined movement occupied all of brain areas to process the motor planning of imagined STS. In conclusion, there was no age-related effect on the ability to generate MI, although the brain areas activated were dissimilar between young and older people for motor planning during MI.
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